A variant of the Green's function nodal method derived from the boundary integral form of the multigroup neutron diffusion equation in rectangular geometry is presented.
As usual in the nodal methods, the multi-dimensional diffusion equation is integrated in the transverse direction. 
The solution of the above one-dimensional equation yields the average neutron flux px(j)i and current Jx(j)i on the node boundaries i (see Chap. II-2) and from them the average leakage in the x direction can be determined (8) This average leakage is used to approximate the transverse leakage distribution when seeking solution for column (i) of nodes in the (orthogonal) y direction and vice versa (see Chap. II-4).
By interchanging the x and the y variables and the corresponding indices, the integral average diffusion equation in the y direction is obtained. The extension to three dimensions is trivial.
To determine the average flux the integration is performed over the two orthogonal directions. Similarly, the transverse leakage is the sum of the leakages in the two orthogonal directions.
Solution of One-dimensional Diffusion Equation
The diffusion equation is solved in its weak form which is obtained by a weighted integration of Eq. (3) over a node. The node V(ij) in row (j) is implied. To simplify the notation the node indices (ij) and the row index (j) are dropped (9) Integrating by parts twice, the differential operator can be transferred from the flux px to the weighting function w and the boundary terms. The boundary element technique prescribes the weighting function to be the simplest fundamental solution(7) of the diffusion equation which must satisfy (10) where s is the Dirac delta function. It is zero everywhere except at (x=x) where it has a singularity.
The integral over the singularity equals one by definition.
In one-dimensional slab geometry the fundamental solution has 
Assembling such equations for all i in row (j), applying the flux and current continuity conditions on the interfaces and the boundary conditions on the external boundaries, a global matrix for row (j) of nodes is obtained. This matrix is easily converted to tridiagonal form and solved for the average values px(j)i and Jx(j)i, assuming a given source on the righthand side. The same can be repeated for all (j). Similarly, the equations for the y direction can be constructed and solved. The equations are coupled through the transverse leakage which appears in the source term on the right-hand side of Eq. (13) .
Note that the left-hand side of Eq. (13) For a given source distribution and after solving for the flux and the current values on the node boundaries, Eq. (13) defines the neutron flux (and current) distribution at all interior points. Therefore the neutron source distribution f(x) for the next iteration, which is defined by Eq. (2), can be constructed to any desired accuracy (within the applied transverse leakage distribution approximation). The weighted integrals of the source term, given by Eq. (14) can also be calculated exactly. The procedure is rather tedious, since the flux at every point is defined by an integral. Usually in the Boundary Element method, some sample points are selected at which the flux is calculated. Integration is then performed numerically by the Gauss quadrature rule (or similar). On the other hand, if the neutron source distribution and the transverse leakage are polynomials, then the integral in Eq. (13) can be evaluated analytically.
Only for the purpose of evaluating these integrals, the neutron flux distribution and the transverse leakage are approximated by an n-th order Legendre polynomial expansion so that the neutron source distribution in polynomial representation for the next iteration can be constructed.
Both of the above procedures for calculating the integrals have also been applied by Kobayashi & Nishihara(5) . Numerical integration involved the Simpson's rule. The second order flux expansion coefficients were determined from the flux values on the boundaries. The latter approach proved to be computationally much more efficient.
Neutron Flux Expansion
For integration purposes the neutron flux in the node V (ij) is expanded in local coordinates in Legendre polynomials Pl(u) with coefficients g(ij)l. The local coordinate variable u is obtained by a linear transformation of the interval [xi-1, xi] into [-1, 1]. The Legendre coefficients can be determined by the method of subregions(6) which is defined by expressions given below and where Eq. (13) is substituted for px(x), (15) Appropriate integration limits [xa, xb] The flux and the current values on the boundaries could also be used to determine the Legendre coefficients, but this approach is found to offer considerably less accuracy (10) for the same order of expansion. Coefficients derived by the method of subregions from Eq. (15) are usually preferred, at least for the lower order terms in spite of the more complicated derivation. The same procedure is also applied in the orthogonal directions.
Transverse Leakage Treatment
To model the transverse leakage, Finnemann et al. (9) proposed the consistent parabolic approximation where the full continuity of L and D,dL/dx are demanded, and the linearized variant which is an approximation to the above. Such a treatment is physically justified when for example 4th order polynomial trial functions are used in flux expansion. The transverse leakage is then a 2nd order polynomial. In the new method currently described there are no assumptions about the flux. In view of other approximations the following simplified, linear average approximation seems reasonable. The leakage in the y direction Ly(j)i from node V(ij), on the boundary xi is determined as a linear average of the average leakages Ly(i,j) and Ly(i+1,j) in the neighbouring nodes (i) and (i+1) of thickness h(i) and h(i+1), respectively : 
III. RESULTS
A test program BINDIF was coded according to the above description.
The test cases were chosen to indicate the performance of the method on realistic problems in comparison to other codes.
Results for the following cases are given :
(1) BSS-11 the two-and three-dimensional IAEA benchmark representative of a typical PWR core from the ANL-7416 Benchmark Problem Book(12), (2) Biblis PWR core benchmark (17) which represents a real operating reactor with "checkboard" fuel loading pattern , (3) BSS-13 a 7x7 BWR fuel assembly model from the ANL-7416 Benchmark Problem
Book.
The BINDIF solutions were compared against the fine mesh benchmark reference solutions in which the error is assumed to be negligible.
In addition, calculations for comparison were performed with a Nodal Expansion code NEXT (13) Nit is also considered.
BSS-11 2D and 3D IAEA Benchmark
This is perhaps the most widely used benchmark for testing the diffusion codes.
Although the geometry and the cross sections are idealized (see Fig. Al and Table Al in APPENDIX) it is representative of a PWR core and provides a reasonable indication of the behaviour of a code in realistic problems.
In Table 1 20 cm mesh are presented in Table  2 . Fig. A1 and Table A2 .
The results of the BINDIF calculations can be compared against the published values in Table 3 . Table  4 . 
